Abstract. This paper is devoted to discuss certain aspects of passivity results in dynamic systems and the characterization of the regenerative systems counterparts. In particular, the various concepts of passivity as standard passivity, strict input passivity, strict output passivity and very strict passivity (i.e. joint strict input and output passivity) are given and related to the existence of a storage function and a dissipation function. Later on, the obtained results are related to external positivity of systems and positivity or strict positivity of the transfer matrices and transfer functions in the timeinvariant case. On the other hand, it is discussed how to achieve or how eventually to increase the passivity effects via linear feedback by the synthesis of the appropriate feed-forward or feedback controllers or, simply, by adding a positive parallel direct input-output matrix interconnection gain.
Introduction
This paper is devoted to discuss certain aspects of passivity results in dynamic systems and the characterization of the regenerative versus passive systems counterparts. In particular, the various concepts of passivity as standard passivity, strict input passivity, strict output passivity and very strict passivity (i.e. joint strict input and output passivity) are given and related to the existence of a storage function and a dissipation function. Basic previous background concepts on passivity are given in [1] [2] [3] [4] , [10] [11] [12] and some related references therein. Later on, the obtained results are related to external positivity of systems and positivity or strict positivity of the transfer matrices and transfer functions in the time-invariant case. On the other hand, it is discussed and formalized how to achieve in case of passivity failing or how eventually to increase the passivity effects via linear feedback by the synthesis of the appropriate feed-forward or feedback controllers or, simply, by adding a positive parallel direct input-output matrix interconnection gain having a minimum positive lower-bounding threshold gain which is also an useful idea for asymptotic hyperstability of parallel disposals of systems, [10] . For the performed analysis, the concept of relative passivity index which is applicable for both passive and non-passive systems is addressed and modified to a lower number by the use of appropriate feedback or feed-forward compensators. Finally, the concept of passivity is discussed for switched systems which can have both passive and non-passive configurations which become active governed by switching functions. The passivity property is guaranteed by the switching law under a minimum residence time at passive active configurations provided that t he first active configuration 
( by the maximum modulus theorem) and  RH is the sub set of real-rational functions of  H .
Passivity and positivity
Consider a dynamic system 
Definitions [2] . The above dynamic system is: The constants  , u  and y  are respectively referred to as the passivity, input passivity and output passivity constants.
Nonexpansive if
  and 0   s. t. for all e u H                    d u u d u u G t T t T     0 2 0 ; 0  t . 3. Passive if 0   such that            d u y t T 0 ; 0  t . 4. Strictly-input passive if 0   and 0   u  s. t.                 d u y d u y t T u t T      0 0 ; 0  t . 5. Strictly-output passive if 0   and 0   y  s. t.                 d y y d u y t T y t T      0 0 ; 0  t .
Strictly input/output passive (or very strictly passive)
The following two results are relevant to mutually relate the time and frequency domains descriptions concerned with the passivity and positivity properties: (ii) Assume, in addition, that 
Note that positivity is a very important property in some dynamic systems related to biological or epidemic-type models . See, for instance, [5] [6] [7] [8] [9] and references therein The generalization of Theorem 1 to the multi input multi-output (MIMO) case (i.e. in the corresponding expressions. In particular, the subsequent two results discuss how the basic passivity property can become a stronger property as, for instance, strict-input passivity or very strict passivity, by incorporating to the input-output operator a suitable parallel static input-output interconnection structure. Assume that 0 G is passive and non-expansive. Then:
L -stable and strictly-input passive if 
The subsequent result is concerned with the fact that a positive real transfer function can be designed by using feedback or feed-forward control laws for the case when the plant transfer function is inversely stable even if it is not either positive real or stable. 
